Minimally invasive ablation of atrial fibrillation is an option in patients not suitable for or refractory to catheter ablation. Total endoscopic ablation can be performed via a monolateral approach, whereby a left atrial box lesion is created. If the ablation is introduced from the right side, the positioning of the ablation catheter on the partly hidden left pulmonary veins is of vital importance. Using thoracoscopy in combination with multiplane transoesophageal echocardiography, the anatomical position of the ablation catheter can be established. Our experience in over 60 procedures has confirmed this to be a safe technique of total endoscopic ablation.
INTRODUCTION
In patients with symptomatic atrial fibrillation, minimally invasive ablation may be an alternative if catheter ablation has failed or otherwise is not suitable. A variety of lesion sets and energy sources exist, and the ablation can be performed through bilateral thoracotomies, bilateral thoracoscopy or monolateral thoracoscopy [1] [2] [3] [4] [5] .
In the right monolateral approach, three ports are introduced in the right hemithorax and a left atrial box lesion is created, as previously described [6] [7] [8] . The left pulmonary veins are partly hidden from the right side, and the left atrial appendage poses a special problem. It is mandatory that the catheter is positioned between the left atrial appendage and the left pulmonary veins, and not above the left atrial appendage on the atrioventricular groove, as the risk of thermal injury to the circumflex artery is evident (Fig. 1) . The positioning of the ablation catheter is thus of vital importance, and we hereby demonstrate two independent ways of catheter position confirmation, of which the transoesophageal echocardiography method has not previously been described.
METHODS
Total endoscopic ablation is performed under general anaesthesia and with the patient provided with a double lumen endotracheal tube, central venous line, radial artery pressure line, urinary bladder catheter, continuous electrocardiogram (ECG) monitoring, external defibrillation pads and transoesophageal echocardiography. The left atrial appendage is checked for thrombus formation before start of surgery, and if present, the ablation procedure is postponed.
During left single-lung ventilation, three ports are inserted into the right hemithorax, in the following anatomical locations: a 10 mm port for the camera in the fifth intercostal space at the midaxillary line, a 5 mm port for instruments in the fourth intercostal space in the anterior axillary line and a 10 mm port for instruments in the sixth intercostal space. The intrathoracic pressure is kept between 5 and 8 mmHg by insufflation with CO 2 .
The pericardium is incised 2 cm above and parallel to the phrenic nerve, from the superior pericardial reflection to the diaphragm. The pericardial reflections below the superior and inferior caval vein are opened, giving access to the oblique and transverse sinuses. With the aid of a guiding catheter, a temperaturecontrolled radiofrequency ablation catheter (Cobra Adhere XL, Estech, Inc., San Ramon, CA, USA) is placed around the left atrium above the pulmonary veins by entrance in the transverse sinus and exit through the oblique sinus. The position of the ablation catheter below the left atrial appendage may be inspected by entrance of a videoscope into the transverse sinus, where the catheter position in relation to the left atrial appendage may be visualized (Fig. 2,  Supplementary Video 1) . In some patients, however, this inspection may be cumbersome due to limited space. In these situations, multiplane transoesophageal echocardiography may provide a helpful alternative.
The left atrial appendage is first visualized in the two-chamber long-axis view, with the entrance of the left pulmonary vein above and the atrioventricular groove containing the coronary sinus and circumflex artery below. With the adjustment of gain, depth and echo plane, the structures are then fully exposed. By pulling the ablation catheter gently, the position of the catheter should be seen as a bright dense echo moving between the left atrial appendage and the left superior pulmonary vein and not, importantly, between the appendage and the atrioventricular groove (Fig. 2,  Supplementary Video 2) .
When the position is confirmed, the transoesophageal echocardiography probe is removed before ablation energy is delivered.
RESULTS
The described technique has been used in over 60 patients and is currently evaluated in the totally endoscopic ablation of atrial fibrillation study (Clinical Trials.gov NCT 00940056). Myocardial ischaemia indicated by ECG findings or cardiac enzyme levels has not been encountered, and we have had no case of peri-or postoperative heart failure or any 30-day mortality.
DISCUSSION
The potential complications of total endoscopic ablation include thermal injury to adjacent structures like the oesophagus, phrenical nerve or coronary vessels [9] . In total endoscopic ablation from the right side, the protection of the circumflex artery poses a special problem as the position of the ablation probe is partly hidden [6, 8] . Previous studies have emphasized the importance of visual inspection of the ablation catheter through the transverse sinus in relation to the left atrial appendage [6, 8, 10] . However, in some patients, the position of the ablation catheter may be difficult to confirm visually. By combining inspection with multiplane transoesophageal echocardiography and the method described, the ablation procedure can safely be performed from the right side.
